
d:’ ‘
TECHNICALNOTES

.,— ..-.,

- ---”-’”

ITA’TIONALADVISORYCOMMITTEEFORAERONAUTICS
.

i -

i

I
J

No.373

INVESTIGATIONOF THEDISCHARGXRATEOF A

FUEL-INJECTIONSYSTEii

By HaroldC. G&mish andFredVoss
LangleyMemorialAeronauticalLaboratory

FuE Cx3ww
To ~ .0

\
the fibs ofthe Langl~y
Mefnorlal kmnzuti~l

Labmatory.

Washington
April,1931



.

.

..

NATIONALJQVISORYCOMMITTEE~FQR,AERONAUTICS

TECHNICALNOTENO.373

INVESTIGATIONOF THEDISCHARGERATEOF A
FUEL-INJECTIONSYSTEM ‘

.,
By HaroldC. GerrishandFredVoss

—.-.,

,.—.”

Summary

In connecti~n.withthedevelopmentof a methodforanalyz-

ingindicatorcardstakenfromhigh-speedcompression-ignition

engines,.thisinvestigationwasundertakento determinetheav-

eragequantityof fueldischargedduringeachcram degreeof .—

theinjectionperiod.Thefue~discm.rgedby a cam-operated _.
..

pumpandautomaticinjectionvalvewascollectedin a rotating””

receiver.Theweightof fuel-dischargedperunittimewas

determinedfor&ious crank-anglepositionsovertheentire

injectionperiod.

TheresuI.tsshowthat98

chargedduringaiiinter~alof

percentof

25”degrees,

theftielwasdis-

whereas’theduration

of theperiodfro~thestartto thestopof thefuelspraywas

68 degrees.Thedurationof theperiodas obtainedin these

testscheckswiththeresultsobtainedwiththeoscilloscope.

During’the29 crankdegreesafterthestartof injectionand .—

the14 degreesbeforethestopof injectiononly2 percentof

thetotalweightof fuel isdischarged.
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me rateof fuelinjectioncontinuedto increasefor7 de-

greesafterthepumpby-passvalveopened.Calculationsshow

thatthisintervalis requiredforthepressurewaveinthefuel

to travelfromtheby-passvalveto theinjectionnozzle.

Introduction

Theinterpretationof indicatorcardstakenfromcompres-

sion-ignitionenginesis difficultbecauseof thevariationin -

theweightandheatcontentsof themixtureduringtheengine
.

cycledueto theinjectionof thefuel. Theinterpretation
.

requires,amongotherthings,a knowledgenotonlyof thetime

of startandcut-offof thefuelspray,butalsoof therateof

fuelinjection.

De Juhasz(Reference1)developedan

miningtherateof fuel dischargeusinga

.

-—.

—

.
—

apparatusfordeter-

constant-pressure .

injectionsystep.He utilizeda stationaryreceiverlocated

oppositea cam-aotuatedinjectionvalve. Betweenthereceiver

andthevalvewasa rotatingdiskwitha slot. By meansof

thisapparatusDe Juhaszobtainedsomevaluableresultson the

angularrateof fueldischarge.He foundthatby increasing

theoilpressuretheperiodof injeotionwas increasedandthat

themaximumrateocoursearlierin theperiod;andthatthe

rateof dischargewasmoreuniformathighercamshaftspeedand

withsmallerorifices.

n-

—

1



of fueldischargefr~ua csil-onezated,pu~mpaml.automaticinjec–

tionvalvefora constentsettia~of thefuelpumpccmtrolsand

a speedof ,750revolutionsperuinute. Theinvestigationwas

conductedat theLzmgleyKeaorialAeronauticalLaboratoryof the

HationalAdvisoryCommitteeforAeronauticsat LangleyField2Va.... ,... .

?.iethodandA~pazatu6~- “ ‘“-”““-‘“-.: :
,. ,.

Thenethodadontedby the snthorsof detergipinfl.therateof
.. ,,

fueldischargedifferedfro~,t-hatof De Juhaszin thata-rotating.,‘...”!..“.”.,“”.”,.”.... .“.’,.
receiverWP.Semployed.This‘~ethc@eliminatedt~erotatinqdisk,, ...,”.., ,,,
andpermitteda reductionin thedistance%.etweenthenozzleand,. ..,“,’. . ,“.- ...
thereceiver.Theaetho,d~asflespec,iallysuit~ble,for fuelvalve...’ ., ., .. . .,.,.
nozzlesproducin~w,ide.ar@eo%yultiplesprays.... . ..“ . .- ,.. .’..

Thea~nara,tususe@forde,terniniq~~:ler,qte.offueldischarge-. .
. is shownin Figure1. It consistedof a :uel-iajecti~nsysten,a.. . ..

rotatingreceiverassembly,and a revolutioncounter..-
Theinjectionsystemconsistedof a cam–actuat,edfuel–injec-,L,

tionpump,supnlyanddischargelinesjsupplytaq?{,fuelcooler,,.... . -...
injectionvalve,primaryfuel.pump2aiidpressuregauges.Thein-...,,
jectionpunp,waficlampedto a blockwhich,wasconcentricniththe.. ,.,,
flywheelshafton whichwasfixedthe

thatactuatedthepump. Leverswhich

andopenin~of thepumpby-passvalve

. pump.

●

variable.accelerationcam
.. .

controlthetimeof closing

are dhownat thetopof the.. .

. .
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A detaildrawingof theinjeotionpumpis showninFigwre

2* It differsfromthepumpas actuallyusedonlyinhavi~.

micrometerscrewsforcontro~lingthepositionof thestartand

stopcamsinsteadof levers.Thestartandstopcamblockscon-

troltheclosingandopeningof theby-passvalve,thuschanging

thetimeandperiodof injeotion.‘Theshiftingof the”position

of thecontrolblocks,combinedwiththevariablevelocitycam,

variesthequantityandrateof fueldischarge.Figure3 shows

theplungerdisplacementplottedagainstcrankangle. The the

of closing andopeningof thepumpby-passvalveasused.during!,
thisinvestigationis alsoindicated.

Theinjeotionvalveusedwas an automatic,spring-loaded

valve,(Fig.4a). Thenozzleusedhad sevenorifice;in one

planeand is shofiin detailin Figure4b. Theinjeotiontube

wasof steel,1/8inchinsidedicameterand36 incheslong...
Duringthisinvestigationthevalveopeningpressurewas 3,000

poundspersquareinch;themaximuiiinjectionpressureduring

injection,5,700poundspersquareinch;andtheprimarypump

fuelpressure,150poundspersquareinch.

The’fuelusedwasa gradeof Dieselenginooilhavinga

specificgravityof 0.847anda SayboltUniversalviscosityof

41 secondsat 80°F. Itstemperaturewaskeptat 80°F. by a

watercooler.

Therotatingreceiverassemblyconsistedof a flywheeland

a sprayreceiver.An electricmotorwasusedtodrivethefly-

.

!

—
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wheelat 750revolutionsperminuteby meansof a leatherbelt.

Theflywheelandthereceiverweresurroundedby a looselyfit-

tedsheet-metalcasing.Thecasingwasconnectedto & exhaust-

er thatremovedtheoilvaporsandalsotheoil thro~ offby

the

the

flywheel.InFigure1 thecasingcoveris raisedto show””
.

location,of thereceiver.
.... .

Theduraluminreceiverusedis shownin Figure5. The

steeltipwasdesignedtopreventthecreepingor spatteringof

oi’1intotheorificeas thereceiverpassedthroughthefuel
,,

8pray. Tnecenterlineof thereceiverwas7.00inches‘fromthe
;:,. ..

axisof”rotationandthewidthof theorific”eWks:euialto the

lengthof a l-degreearcat thisr~dius. l%eleigtliof-theori-

fic6”’(0’.’41b:i;ch”)wasslightlygreateithanth”e”width”ofthe’“

spraywhenthedistancebetwe”enthereceiverorificeandthein-

jectionnozzlewas1/16inch. Duringthisinvestigationthe

clearancebetweenthereceiverandtheinjectionnozzlewas 0,054
,... .,

inch; .,
; ----

Th&testprocedure”wasas follows:whenthe emptyr~ceiver

was“rot’sting’at thedesiredspeedandthepri~aryoilpressure

at thedesiredvalue,thespraywas startedby movingthecontrol

leversto theproperposition.Simultaneouslywithttiemovingof
. .

theselevers,thestopwatchandrevolutioncounterwerestarted.

Aftera givennumberof injections,‘dependinguponthe”partof,,
the’dischargeperiodbeinginvestigated,thecontrolleverswero

,, .
,.

movedto thestoppositionandthetimingmechanismstopped.The,. —.



6 N.A.C.A.TeohnicalNoteNo.373

increasein theweigptof thereceiverwasconsideredas the

weightof fueldischarged.By changingtheangularposition

of,thepump,otherpartsof tinedischargeperiodweresimilarly

investigated.

Theaveragequantityof fueldischar~edper injectionwas

determinedby collectingina bottlethefueldischargedfrom

theinjectionvalvefora knownnumberof injections.Absorb-

entcottonwasplacedbetweentheinjectionvalveandthebott-

le neckto colle,ctanyv,aporsor spatteredoil,

An oscilloscope(Reference2) wasusedto determinethe

iqjectionlagwhichis thetime,or equivalentincrankdegrees,

betweentheclosingof thepumpby-passvalveandthestartof

thesprayat theinjectionnozzle.

TestResultsandDiscussion
..

TableI,column2, givestheaverageratesof fueldis~

chargeforseveralobservationsforeachpoint. ~is is tho

weightof fueldischargedby theinjectionsystemperdegree

of crankangle,forvariousintervalsduringtheinjection

period.Theratecurve(Fig.6)wasplottedfromthesedata.

Thedeviationsfromtheaverageobservationsgivenincolumn

2 werelessthanM“per centforalltestpointsexceptfours

Three of thesewereeitheratthestartor stopof theinjec–

tionperiodwherethefuelcollectedwasverysmall,evenin

Thefourthpoin~wasnearthepeakof the
.

1,000injections.

h
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curveandthedeviationwasL4.5per centfrontheaverage.Af-

tertherateof,injectioncurvewas approximatelyestablished,

intermediatepointsweretakenand a smoothcurvecouldbe drawn

throughallthe pointsobtained,indicatinggoodreproducibility

of thedata. ,, :..
Thetotalweightof fueldischargedup to variouspointsof

..-
theinjectionperiodis givenin Ta~le1,col~n 3, andisplot-

ted.astheweightcurvei,nFigure6. Thzs-curvew~s.derivedfrom.-.., . . .-,..
theratecurveby.mech.anicalintegration.,. . .

The.av,er.ageqqant,ityof.fuel,dischaZg,e@acc,ordiqgtO the. ,..” ... .. . . . . . .. . . .“

bottletestswas0.0093.64.poundper injection,butthatdeter-,,. ,-- ,.--,
minedby integ~~ting“therat,e,curve..wa.s,j0..000399poundper in-., ... . . ... . , ..-. .,. ..
jection,an increaseof 9.6percentoverthatcoll:ec$edin t~e. “..,”..’. ..

. bottle,.Thiserror,may~~,.causedby..oilvaporbeingdrawninto-...... . .....’.
ther,eceiv.er.by jetaction,by .t@edete.rni~ationof therateof. -.. ..!,
dischargq,fo~toolargee+ intervalduring-theinjf?cti.o?Period,.. .:, .- .. .
orby a combinationof both.. .. . ..

Beoauseof thehighvelocityof ~nefveljetandthevis-

cosityof the.airsurrounding

fuelmayhavebeendraw~~into

thecasing.,

thejet,an excessquantityof

therecei$erfrom,thespraywit~in

Theintervalof injectionmeas~ed,as deteriiinedby the
● widthof theorifice,affectstheresultsbecause,as the inter-

valincreases,thefuelcollecteddividedby theintervalwould
. give en averagevaluepercrank,degreethat,whenplotted,might.

t
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givea largeror smallervaluethanthe

“

No.373
.

instantaneousvalue.

Thevaluemightbe equalto theinstantaneousvalue,depending

upontheshapeof theratecurve. It is advisabletomakethe

widthof thereceiverOrificesuchthatthequantitiescollected .

willmore~earlyapproachinstantaneousvaluesinsteadof mean

values,

Figure3 showsthattheby-passvalveclosedat 68 crank

dpgrees beforetopcenter,whileFigure6 showsthatthereceiver .

wasableto collectfuelat 34crankdegreesbeforetopcenter

andnetearlier,althoughthequantityWas verysmallanddoes

notshowin thefigure.The“injec~ionl% is therefore34 de-
-.

grees,andchecksexactlythelagas ‘foundby”meansof the ..

oscilloscope. ,.”

Itwillbe notedinFigure6“thattheinjectionperiodis .“

68 crankdegrees.However,froma practical

fulinjectionperiodcould

crankdegrees,becausethe

degreesafterthestartof

thestopof injectiononly

fuelis discharged.

notbe considered

resultsshowthat

injectionandthe

2 percentof the

Thepeakof theratecurvein Figure

aftertopcenter,andaccordingto Figure

opensat 3 degreesaftertopcenter.The

dueto thetimerequiredforthepressure

viewpoint,theuse-
.

tobe morethan2!5

duringthe29 crank

14 degreesbefore .

totalweightof

at 10 degrees6 occurs

3 theby-passvalve

advanceof-thepetiis

waveto travelfrom

theby-passvalveto theinjectionvalvenozzle.Thisis in
t
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agreementwiththeresul+s”shownby Rothrock(Reference’3j.

Calculationsshowthatif thebulkmodulusOT elasticityE of
.

thefueloilis takenas,284,000poundsper”sqtiareinch(Refer-

ence4),thenin the”equation

/mv=% .,
P

where V is theveiocityof thepressurewavein thefuel,~

thedensity,and g thegravitationalconstant,thevalueof

V is 59,900inchesper second.Sincethelengthof theoil

pathfromthepumpby-pass”valveto theinjectionnozzleis 39

inches,thead~anceof thepeakof theratecurveshouldbe

39/59,900secondsor approximately6 crankdegrees;whereas;-it
..

was7 crankdegrees.
. .

,,
Conclusions

Thesete~tswitintherotatingreceivershowed-that98 per

centof the.fuelwas dischargedduringan intervalcjf25 degrees,

whereasjthedimation.oftheperiodfronthestartto thestop

of thefuelspraywas 68 degrees.Thedurationof theperiodas

obtainedin thesetestscheckswiththeresultsobtainedwith

theoscilloscope.Theresultsshowthatduringthe29 crankde-

greesafterthestartof injectionandthe14 degreesbeforethe

stopof injectiononly2 percentof thetotalweightof fuelis

discharged.
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Therateof fuelinjectioncontinuedto increasefor7 de-

greesafterthepumpby-passvalveopened,Calculationsshow

thatthis,interval,is requiredforthepressurewaveInthefuel

to travelfromthepumpby-passvalveto theinjectionnozzle.*

LangleyMemorialAeronauticalLaboratory,
NationalAdvisoryOommitteeforAeronautics,

LangleyField,Vs.,April6, 1931.
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TABLEI

TotalWeightandRatesof FuelInjection

,

11

CrankAnglej

degrees

B.T.C.

%!
-18
14
12
10
8
6
4
2

T.C.
2
4
6

1:

i:
13
1A

, ::
17

::
22
24
26
30

A.::C.

Rateof Fuel
Discharged,
Ib./dcg.

-6O*OOx 10
0.01
0.04
0.11
0.25
0.,31
0.81
2.12
-—-
10.55
14.99
---
20.84
---
34..47
25.25
25.13
23.48
19.73
15.99
11●30
5.08
3.14
~.84
1.02
---
0.70
.0.63
0.16
0,06

TotalWeightof Fuel
Dischargcd~

lb.

-6
O.ox 10
---
---
0.4
---
1.6
---
6.0
13.6
28.8
54.4
8S.0.
127.6
171.2 “
218.4
268.0
---

317.6
---

357.6
—--

378.0
---

390.0
---

394.4
---

397a2
398.8
399● 4

* Obtainedby mechanicalintegrati.ony

,
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2X-72 Fig.4a

Ftgs.4a,4bInjeotionvalveand nozzIe.

1 u4w — -1
..?n#Krm

Fig.2Fuel-injectionpump.‘~=== ?
.I.
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